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J/IBoiiHASI HHAYKUMS 1S BbIBOAA (POPMYJIbI AJIS1 POruda pamHou pepmbl C
NMPOM3BOJbHBIM YHCJI0M MAHeJIeH
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[Tnockast cratuuecku ompeaenumasi gepMa HMEET JBE OMOPbl M MPOU3BOJIBHOE
yuciio naHenel B purene. Pemerka epma packocHas npsmoyronpHas. K depme
Ipuiio’)keHa Harpy3ka B cepeauHe mpoieTa. [locTaBiena 3amava MOydeHUs
aHAJINTUYECKOW 3aBUCUMOCTHU Nporuda (epmbl OT YyHClia MMaHelned B purene s
ciiydasi IByX, TPEX W YEThIpeX IaHelied B OMOPHBIX YacTAX pambl. g pemieHus
3aJ]a4l MCIOJB3YeTCS CUCTeMa KOMITBIOTepHOW Marematuku Maple u meron
MHAYKINU U1 00001EHUS YaCTHBIX PELICHUI Ha 001Ul ciryyai.
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Abstract

A planar statically determinate truss has two supports, and an arbitrary number of
panels in the crossbar. Lattice of the truss is diagonal type. The truss is loaded in
the middle of the span. The task is to obtain the analytical dependence of the
deflection of the truss against the number of panels in the crossbar for the case of
two, three and four panels in the supporting parts of the frame. To solve the
problem, the Maple computer mathematics system and the induction method are
used to generalize the particular solutions to the general case
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The deformation of an elastic hinge-rod frame is considered. The
proportions of the frame truss are controlled by two parameters - the number of
panels 2n in the crossbar and the number of panels 2m by the height of the

supporting and inclined (angled 45°) parts of the frame (Fig. 1, 2). The height of
the frame is 2ma, the span is 2nb + 2a (m — 1).
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| Figure 1—Truss with load in centef, n=2m=3

To determine the deflection (vertical displacement of the point of force
application) we use the simplified Maxwell-Mohr's formula

M-3
A=P> SH, I (EF).
i=1
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Figure 2—Truss, n =3, m=4

Denoted: S, — forces from the unit force applied to the middle of the belt,
EF— stiffness of the truss bars, . — length of the rods, M=16m+8n-4 — number

of rods. To obtain a formula representation of the solution, the forces are calculated
in the system of symbolic mathematics Maple [1]. Earlier, according to this
program, formulas were obtained for the deflection of planar [2-10], spatial [11-
18], arched [19-28] and lattice trusses [29-39]. In most of these solutions, one
induction method was used. Two-parameter induction is much more time-
consuming. Typically, this induction is used in the calculation of frames [40-44],
where these parameters arise naturally — the number of panels along the vertical
and horizontally. The coordinates of the nodes are entered in the program. To do
this, the hinges of the construction are numbered (Figure 3).
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Figure 3 — Hinge numbers in the Maple system

The left movable support is modeled by a vertical non-deformable rod, the
movable one by two rods. The lengths of these rods are arbitrary, since they do not
enter into the sum of the Maxwell-Mohr's formula. The algorithm for entering the
structure of the farm resembles the input of a graph and is described in sufficient
detail in [1-3]. To solve the system of equations of node equilibrium, the inverse
matrix method implemented by means of Maple is used. Calculation of the
deflection gives the following formula

A=P(C;a’ +C,ab’ +Cjoa’ + C,b° + C,c’)/ (2a°EF). (1)

wherec =+a® +b*. Operators rgf findrecur from the genfunc packet
(system Maple) gives the simple linear homogeneous recurrence equation of the
second order for all coefficients C,,, C, and C;,

C1,3,5(n) = 2C1,3,5( n-1) — C1,3,5( n-2)"
To find the coefficients b® a simple linear homogeneous recurrence equation
of the fourth order is obtained
Cany =4Cyn1) =6Cyn2) +4C,yn3) = Cynay-

To find the coefficients b’a a simple linear homogeneous recurrence
equation of the third order is obtained
Con) =3Cy14y) =3Cyn ) + Cyns)-

We note that the coefficients in all three recurrence equations are binomial
coefficients. The operator resolve gives the solution in the form of polynomial
expressions:

for m=2

C, =122 +5+n,C, =4n? C,=8n,
form=3
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C,=38v2+11+n,C,=6n% C, =18n.

form=4
C,=88v2+19+n,C, =8n? C,=32n.
form=2,3,4
C,=n(2n*+1)/3,C, =n.
Only these two coefficients do not depend on the number of panels in height.
The remaining coefficients can be generalized to an arbitrary case, using all the

same operators rgf findrecur and rsolve. To obtain general formulas it was
sufficient to calculate the trusses withm =1,2, ... 8:

C,=m?+m—1+n+2v2m(1+2m?)/3,
C, =2mn’, C, =2nm?,

Thus, the obtained solution is suitable for a wide class of trusses of the
structure in question - from high and narrow, to large-span with a small height.
Analytical solutions are easily verified and can serve as test cases for numerical
solutions obtained in various special-purpose computer programs, in which a rather
cumbersome and finite-element-sensitive finite-element method is used. Solutions
are useful in optimization problems too [46-48].

A survey of analytical solutions for planar trusses, including arches, is
contained in [27, 49].
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